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Genetic variation of Cytochrome P450 1B1 (CYP1B1) and risk
of breast cancer among Polish women

Mia M. Gaudet®, Stephen Chanock®®, Jolanta Lissowska®®, Sonja |. Berndt?,
Xiaohong (Rose) Yang?, Beata Peplonska®, Louise A. Brinton?, Robert Welch®,
Meredith Yeager®, Alicja Bardin-Mikolajczak®, Mark E. Sherman?,

Thomas R. Sutter® and Montserrat Garcia-Closas?®

Four single nucleotide polymorphisms (SNPs) in CYP1B1
(Ex2+143 C>G, Ex2+356 G>T, Ex3+251 G>C,

Ex3 + 315 A>G) cause amino acid changes (R48G, A119S,
L432V and N453S, respectively) and are associated with
increased formation of catechol estrogens; however,
epidemiologic evidence only weakly supports an
association between these variants and breast cancer
risk. Because genetic variability conferring increased
susceptibility could exist beyond these putative functional
variants, we comprehensively examined the common
genetic variability within CYP1B1. A total of eight
haplotype-tagging (ht)SNPs (including Ex3 +315 A>@G), in
addition to two putatively functional SNPs (Ex2+143 C>G
and Ex3+251 G>C), were selected and genotyped in a
large case—control study of Polish women (1995 cases
and 2296 controls). Haplotypes were estimated using

the expectation-maximization algorithm, and overall
differences in the haplotype distribution between cases
and controls were assessed using a global score test. We
also evaluated levels of tumor CYP1B1 protein expression
in a subset of 841 cases by immunohistochemistry, and
their association with genetic variants. In the Polish
population, we observed two linkage disequilibrium
(LD)-defined blocks. Neither haplotypes (global P-value
of 0.99 and 0.67 for each block of LD, respectively), nor
individual SNPs (including three putatively functional
SNPs) were associated with breast cancer risk. CYP1B1

Introduction

The initial step of estrogen metabolism is the conversion
of estradiol (E;) to 2-hydroxy-E, (2-OHE,) and 4-hydroxy-
E; (4-OHE,) by the cytochrome P450 family of enzymes,
of which CYP1B1 is the most efficient member [1]. The 4-
OHE, catechol metabolite has the highest carcinogenic as
well as estrogenic activity and is found in higher quantities
in breast cancer tissue than other E, metabolites, including
2-OHE; and C-16a hydroxylation [1]. OHE, metabolites
can be further converted to quinones and semiquinones,
which cycle in a redox reaction generating reactive oxygen
species. Over-expression of CYPIBI could lead to an
accumulation of estrogen metabolites that increase cell
proliferation and/or act directly as carcinogens [2].
Interindividual variability of estrogen metabolism could
thus contribute to the risk of breast cancer [3].
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was expressed in most tumor tissues (98%), and the level
of expression was not related to the studied genetic
variants. We found little evidence for modification of the
estimated effect of haplotypes or individual SNPs by age,
family history of breast cancer, or tumor hormone receptor
status. The present study provides strong evidence against
the existence of a substantial overall association between
common genetic variation in CYP71B1 and breast cancer
risk. Pharmacogenetics and Genomics 16:547-553 © 2006
Lippincott Williams & Wilkins.
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CYPIBI is located on chromosome 2p21-22 and has four
common single nucleotide polymorphisms (SNPs) that
encode amino acid substitutions (at codons 48, 119, 432
and 453) that increase catalytic activity [4,5]. Several
studies examined these functional variants in relation to
breast cancer risk [6]. In a recent meta-analysis of 5712
cases and 5107 controls, no association with these putative
functional variants was found [6]. However, some studies
have observed evidence that CYPIBI variants may be
related to tumor estrogen receptor status [6-8].

Previous studies of (YPIBI and breast cancer have not
considered the possibility that other variants in the gene,
such as those in regulatory regions, or that particular
haplotypes could alter risk. Therefore, to comprehen-
sively assess common genetic variation within CYPIBI,
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we assayed haplotype-tagging (ht)SNPs, including
Ex3 + 315 A>G (N453S), and two additional SNPs,
Ex2 + 143 C > G (R48G) and Ex3 + 251 G > C (1L.432V),
with possible functional significance, and examined them
in relation to breast cancer risk in a case—control study of
Polish women. Haplotypes, inferred from the genotyped
SNPs, and individual SNPs were evaluated, and risk
estimates were stratified by age, family history of breast
cancer and hormone receptor status. In addition, we
determined CYP1B1 protein expression levels in breast
tumor tissue samples of breast cancer cases, and
evaluated whether level of expression is related to
genetic variants.

Methods

Study population

A large population-based case—control study was con-
ducted among women residing in two Polish cities,
Warsaw and Lodz [9]. Institutional Review Board
approval was obtained from all participating institutions,
and signed informed consent was obtained for all
respondents. Eligible cases were women aged 20-74
years who were newly diagnosed with either histologically
or cytologically confirmed  situ or invasive breast cancer.
Study personnel identified cases from January 2000 to
January 2003 through a rapid identification system at
participating hospitals that covered approximately 90% of
all eligible cases. Controls with no history of breast cancer
were randomly selected from January 2000 till September
2003 through the Polish Electronic System, a database of
all Polish residents. Controls were frequency matched to
cases by city and age in 5-year categories.

A total of 2386 cases (79% of the 3037 eligible cases
identified) and 2502 controls (69% of the 3639 cligible
controls identified) women provided a personal interview
on known and suspected risk factors. The primary reasons
for non-participation for cases and controls, respectively,
were refusal (18% and 24%) and inability to locate the
individual (2%, 65). Subjects refused to participate
because of emotional distress (14% and 0%), lack of
interest (16%, 26%), had no time (7%, 17%), or had other
(4%, 3%) or unknown (60%, 54%) reasons. Trained nurses
also collected venous blood samples from 1995 cases
(84% of participating cases) and 2296 controls (94% of
participating controls). Genomic DNA was isolated from
buffy coats by the Autopure LS DNA Purification System
(Gentra Systems, Inc., Minneapolis, Minnesota, USA).

Genotyping

The choice of htSNPs for CYPIB1I was based on a strategy
developed by the Breast and Prostate Cohort Consortium
[10]. SNPs were identified through two parallel ap-
proaches: (i) SNPs were identified from the public
database, dbSNP (http://www.ncbi.nlm.nih.gov/projects/
SNP/) and (ii) to identify unknown missense SNPs, a
resequence analysis of exonic regions of CYPIBI was

conducted in 190 patients with advanced breast or
prostate cancer in the Multi-Ethnic Cohort [10].
Twenty-six SNPs identified and selected through these
two approaches had a reported minor allele frequency
> 5% in European-Americans and were spaced approxi-
mately every 1-2kb. These SNPs were then genotyped
in a multi-ethnic panel of 733 individuals (the BPC3
haplotyping panel) [10] to assess allele frequencies and
impute haplotypes. Each assay was validated by rese-
quencing analysis in the SNP500 cancer set of 102
individuals. Optimized assays were developed for 14
SNPs (rs163077, rs163086, rs162549, 1s9341266, rs10916,
15162562, rs1800440, rs1056837, rs1056836, rs162560,
rs162557, 1rs162556, rs162555 and rs10175368). An
additional 12 possible SNPs could not be reliably assayed
on any of three genotype platforms available (TagMan,
EPOCH or Sequenom) or were determined to have
MAFs well below 5%. Common haplotypes were deter-
mined among the 206 European-Americans in the BPC3
haplotyping panel [including 172 unrelated parent
Centre d’Etude du Polymorphisme Humain (CEPH)
samples] using Excoffier’s and Slatkin’s expectation-
maximization algorithm [11], and haplotype structure
was confirmed among 12 three-generation CEPH family
pedigrees. Two linkage disequilibrium (LD)-defined
blocks in CYP1BI were identified. The TagSNPs program
(http://www-rcf.usc.edu/ ~ stram/) was used to select a
minimum set of htSNPs with a pairwise % >0.8 [12].
Due to the extensive linkage disequilibrium across
CYPIBI, eight htSNPs (Table 1) were chosen to capture
the majority of common haplotype diversity among
Caucasians (7£ = 0.996).

The approach for determining htSNPs included SNPs
with a MAF >5% but did not include all non-
synonymous SNPs and in particular, those studied in
breast cancer [6]. Of the four non-synonymous SNPs
with possible functional consequences (Ex2 + 143 C > G,
R48G; Ex2+356 G>'T, Al19A; Ex3+251 G>C,
L432V; Ex3+ 315 A>G, N453), one at Ex3+ 315
A > G was selected as an htSNP. For completeness and
comparison with previous studies, we also genotyped
Ex2+ 143 C>G and Ex3+ 251 G>C, but did not
analyse the SNP at Ex2 + 356 G > T because neighbour-
ing SNPs hindered assay optimization. However, strong
LD across the gene suggests that Ex2 + 356 G > T was
analysed indirectly, especially because other studies have
reported that Ex2 + 143 C > G and Ex2 + 356 G > T are
in strong LD [13,14].

Genotype analysis was performed in 1995 cases and 2296
controls. A total of 100 duplicate DNA pairs were
interspersed throughout the DNA samples. All pairs were
greater than 98% concordant for each SNP with the
exception of Ex2 + 143 C > G, for which 93% of the pairs
were concordant. The DNA plates also contained 41
replicate samples for two unidentified donors. These
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Table 1 Description of CYP1B1 haplotype-tagging (ht) and additional non-synonymous single nucleotide polymorphisms (SNPs)
No. Location Nucleotide substitution Minor allele frequency Landmark rs# Block # for htSNP
1 IVS10-8520? T>C 0.26 rs163077 1
2 IVS10-1363? T>C 0.20 rs163086 1
3 Ex3-1249 C>T 0.03 3-UTR rs9341266 1
4 Ex3+939 A>C 0.22 3-UTR rs162562 1
5 Ex3+315 A>G 0.16 N453S rs1800440 1
6 -3922 C>T 0.44 rs162556 2
7 -5329 G>A 0.33 rs10175368 2
8 -2919 C>T 0.25 rs162557 2
- Ex3+143 C>G 0.33 R48G rs10012 N/A
- Ex3+ 251 G>C 0.42 L432V rs1056836 N/A

“Located within gene FLJ32954.

replicates were 100% concordant with the exception of
Ex2 + 143 (concordance was 91%). Description and
methods for each genotype assay can be found at hetp://
snp500cancer.nci.nih.gov [15]. Genotype frequencies for
all loci were in Hardy—Weinberg equilibrium among
controls (P> 0.18).

Immunostaining

Tissue microarrays (TMA) were constructed from paraf-
fin-embedded formalin-fixed tumor blocks from 841
cases. Two separate 0.6-mm tissue cores for each case
were extracted and placed on two TMAs. TMAs were
then stained for CYP1B1 expression using the rabbit-
derived anti-P4501B1 IgG, as previously described [16].
A single pathologist rated the CYP1B1 expression using a
0-3 intensity score, for 766 cases with informative cores.
We created a dichotomized variable from the intensity
scores of each core (scores 0 and 1 versus scores 2 and 3;
the agreement between cores was 77%), and each subject
was assigned the maximum level of expression for the
two cores. The associations between the expression
score and genetic variants were tested using Pearson’s
chi-square.

Statistical analysis

Pairwise LD was estimated between htSNPs based on D'
values [17,18] wusing Haploview (http://www.broad.
mit.edu/mpg/haploview/index.php). Block structure for
the purpose of statistical analyses was determined using
the genotype data from the Polish controls and defined
based on the solid spine algorithm using D' > 0.80 as the
threshold cut-off; however, the block definition was
robust to changes in the D' cut-off and inclusion of the
putatively functional SNPs, Ex2+ 143 C>G and
Ex3 + 251 G > C (data not shown). We also examined
alternative block structures, including combining all
htSNPs in one block and the block structure used to
select htSNPs (detailed above). To assess possible
as-effects, we examined haplotypes that included the
three putatively functional SNPs.

For each block, haplotype frequencies and associated
measures of effect were estimated using HaploStats
(version  1.2.1;  http://mayoresearch.mayo.edu/mayo/

research/schaid_lab/), which employs the expectation-
maximization (EM)-algorithm to estimate haplotype
frequencies and an iterative two-step EM model to
estimate the association between individual haplotypes
and risk assuming an additive model [19,20]. Models
were run separately by haplotype block. A global score
statistic, adjusted for the matching factors age (in 5-year
categories) and study site (LLodz or Warsaw), was used to
evaluate the overall difference in haplotype frequencies
between cases and controls [20].

Unconditional logistic regression models were used to
estimate odd ratios (OR) and 95% confidence intervals
(CI), adjusted for age and study site, for the association
between individual CYPIBI polymorphisms and breast
cancer, using STATA (version 8.2; STATACorp, College
Station, Texas, USA). We evaluated the data using
indicator variables for the genotypes, and assessed the
fit of an additive (analogous to the P-value for linear
trend) genetic model using a single variable coded for the
number of variant alleles present.

Individual SNP and haplotype results were stratified by
age (50 years or less, over 50 years) and history of a first-
degree relative diagnosed with breast cancer (yes/no)
because younger women as well as women with a family
history of breast cancer could be at increased risk for
genetic risk factors. We also analysed whether the
estimated association was modified by menopausal status
and body mass index (BMI) (by categories of menopausal
status). To assess deviations from a multiplicative
interaction model, we used the log-likelihood ratio test
to compare the fit of logistic models with and without an
interaction term.

Breast cancer cases were further defined by estrogen
(ER+, ER-) and progesterone (PR +, PR-) tumor
receptor status. Hormone receptor status was determined
by immunohistochemical assay for 91% of cases. Among
women with CYPIBI genotype data, a total of 910 (66%)
of cases were diagnosed with an ER + tumor, and 760
(55.5%) cases were diagnosed with a PR + tumor. Cases
with unknown hormone status were dropped from these
analyses. Polytomous regression models were used to
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simultaneously estimate ORs and 95% CI for two
different case groups compared to controls. In addition,
we tested for heterogeneity of the genotype OR using a
case only design in which the different tumor subtypes
were the outcome variable for the logistic regression
models.

We examined factors that were related to breast cancer
risk in this study population as potential confounders,
including education, age at menarche, parity, type of
menopause, age at first full-term pregnancy, age at
menopause, BMI, family history of breast cancer, and
personal history of benign breast disease. We employed a
backwards elimination approach and potential confoun-
ders did not alter estimates of the observed associations
(for individual genotypes or haplotypes) by more than
10%; therefore, final models controlled for matching
factors (age and study site) only.

Results

In our case—control study of breast cancer in Poland, we
observed that the established risk factors (e.g. age at
menarche, age at and number of full-term births, history
of benign breast disease, and family history of breast
cancer in first degree relatives) were associated with
breast cancer risk in comparable direction with similar
estimates of magnitude reported in previous studies [9].
The cases were diagnosed at a mean = SD age of 56 = 10
years with stage I (12.2%), stage II (60.8%), or stage III
and above (27.0%). Examination of LD blocks (Fig. 1)
among this study population revealed two blocks. These
blocks were tagged by eight SNPs, including five SNPs
for block 1 and three SNPs for block 2. Of the 32 possible
haplotype combinations for block 1, five common
haplotypes were observed. For block 2, five common
haplotypes were observed in our population.

None of the CYPIBI haplotypes were significantly
associated with breast cancer risk compared to women
carrying the most common haplotype within each block
(Table 2). Global tests within each block also indicated a
lack of an association (Table 2). The results obtained did
not alter when we examined alternative haplotype block
definitions (data not shown). There was no evidence of
as-effects between the putatively functional SNPs (data
not shown).

Haplotype associations with breast cancer did not vary by
age, menopausal status, BMI, ER status or PR status
(results not shown). However, when we stratified results
by family history of breast cancer, we observed a
decreased risk of breast cancer associated with haplotype
1b (OR =0.63, 95% CI 0.28-1.03), which contains the
variant allele for the Ex3 + 315 A> G polymorphism,
among women with a family history of breast cancer. This
haplotype was not associated with risk among women

Fig. 1

Block 1

Block 2

The linkage disequilibrium (LD) plot of CYP1B1 for a case—control
study of Polish women. The darkest shade represents a D’ of 0.9 or
higher. The remaining lighter shades represent lesser degrees of D'.
The numbering of each locus corresponds to the numbering of SNPs in
Table 1.

without a family history of breast cancer (OR = 1.05, 95%
0.91-1.20). The Ex3+ 315 G variant allele was also
carried on haplotype 1h; however, this haplotype was not
present among women with a family history of breast
cancer. When we examined results stratified by family
history for the Ex3+ 315 GG variant genotype, the
results were consistent with the results for haplotype 1b.

None of the putatively functional SNPs (Table 3) was
associated with breast cancer, and associations were
similar across stratum by age, family history, menopausal
status, and BMI of breast cancer for all SNPs, except
Ex3 + 315 A> G (results not shown). Consistent with
the results for haplotype 1b, when we examined results
for the Ex3+ 315 A> G polymorphism stratified by
family history, the variant G allele was associated with a
decreased risk of breast cancer among women with a
family history of breast cancer (OR = 0.60, 95% CI 0.37—
0.98). Examination of SNPs by estrogen and progesterone
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Table 2 Age- and centre-adjusted odds ratios (OR) and 95% confidence intervals (Cl) for the association between estimated CYP1B1
haplotypes and breast cancer among a case-control study of Polish women (1995 cases and 2296 controls)

CYP1B1 htSNP

Haplotype frequency Haplotype-specific®

haplotypes
IVS10-8520  IVS10-1363 Ex3-1249 Ex3 + 939 Ex3+315 Cases Controls OR (95% CI)
T>C T>C C>T A>C A>G
Block 1
1a C C C A A 31.1 31.1 1.00
1b C C C A G 16.1 16.1 1.01 (0.88-1.15)
1c C C C C A 4.1 41 1.00 (0.78-1.27)
1d C C T A A 3.0 2.9 1.05 (0.81-1.37)
1e C T C A A 20.5 19.9 1.08 (0.91-1.16)
1f T C C A A 7.6 8.1 0.93 (0.78-1.12)
1g T C C C A 17.6 17.6 1.00 (0.88-1.14)
1h T C C A G 0.0 0.4
1 T P T A A 05 g 0.86 (0.52-1.44)
Gilobal P-value 0.99
-2919 C>T -3922 C>T -5329 G>A
Block 2
2a C C A 32.7 32.5 1.00
2b C C G 17.7 16.9 1.04 (0.91-1.19)
2c C T G 25.0 25.8 0.96 (0.86-1.08)
2d T C G 6.2 6.7 0.91 (0.74-1.13)
2e T T G 18.4 18.1 1.01 (0.90-1.16)
2f C T A 0.0 0.1 N/E
29 T T A 0.0 0.0
Gilobal P-value 0.67

2Estimates are based on an additive effect model.

Table 3 Age- and centre-adjusted odds ratios (OR) and 95% confidence intervals (Cl) for the association between CYP71B1 non-
synonymous single nucleotide polymorphisms (SNPs) and breast cancer among a case—control study of Polish women (1995 cases and

2296 controls)

SNP location (amino Cases Controls
acid change)
Genotype n % n % OR (95% CI) P-value P-value for trend
Ex2+143C>G CC 910 46.4 1057 46.8 1.00
(R48G) CG 805 41.0 921 40.8 1.02 (0.89-1.16) 0.79
GG 248 12.6 280 12.4 1.08 (0.85-1.25) 0.78 0.74
Ex3+251G>C CcC 652 34.0 772 34.7 1.00
(L432V) CG 913 47.6 1033 46.4 1.05 (0.91-1.20) 0.50
GG 353 18.4 419 18.8 0.99 (0.83-1.18) 0.92 0.95
Ex3+315A>G AA 1338 67.1 1538 67.0 1.00
(N453S) AG 504 25.3 573 25.0 1.01 (0.88-1.17) 0.85
GG 55 2.8 64 2.8 0.98 (0.68-1.42) 0.93 0.92

receptor status did not reveal any appreciable hetero-
geneity of risk estimates (results not shown).

Of the 766 breast cancer cases with CYP1B1 protein
expression scores, nearly all tumor tissue samples (98.1%)
expressed the CYP1B1 protein with 24.5%, 53.8% and
19.8% of tumors with low, medium and high expression
scores, respectively. We found no association between
levels of expression and individual polymorphisms, nor
haplotypes (data not shown).

Discussion

Previous studies have examined four common, putatively
functional SNPs in CYPIBI [6], several of which have
been associated with increased enzyme activity in some
studies; however, the results from a recent meta-analysis

indicates these polymorphisms are probably not asso-
ciated with breast cancer [6]. Because genetic variability
conferring increased susceptibility may exist beyond
these putative functional SNPs, we comprehensively
examined the genetic variability within CYPIBI by
selecting and genotyping htSNPs in a large case—control
study in Poland. Our results show that common genetic
variation within CYPIBI was not associated with overall
breast cancer risk. In addition, the lack of association
found in the present study for three of the putative SNPs
at codons 48, 432, and 452 confirms the lack of association
reported in a recent meta-analysis [6].

In initial reports, it was observed that amino acid
substitutions at codons 48, 119, 432, and 453 were
associated with 2.4- to 3.4-fold higher catalytic activity
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compared to the wild-type enzyme [4,5]; however,
additional recent research suggests rare mutations [21],
rather than common polymorphisms, are more strongly
associated with alterations in activities [21,22]. It is
interesting to note that the regions in which the putative
non-synonymous SNPs reside are not highly conserved in
mammals with the exception of the SNP within codon
453 [21]. Tt is likely that variants residing in regulatory
regions could alter the expression or stability of the
CYPIBI gene [23]. For example, it is possible that SNPs
in an estrogen response element proposed to reside
between bps —63 and —49 of the promoter region, or
xenobiotic response elements proposed to lie at —834
and -853 of the 5-flanking region could be of great
interest [24,25]. Our strategy of htSNP selection did not
identify SNPs with high MAFs in these regions, although
it is possible that lower frequency variants could be
functionally important, and perhaps are associated with
cancer risk.

We examined possible effect modification by age, family
history of breast cancer, and tumor hormone receptor
status, because of « priori expectations that genetic
susceptibility might be more evident among women with
a family history of breast cancer, early onset breast cancer
[26], or expressing ER and PR [27] in the tumor tissue.
We found the variant Ex3 + 315 G allele (453S) was
associated with a lower risk of breast cancer among
women with a family history of breast cancer, but not
among women without family history of breast cancer.
This result is apparently consistent with a Swedish
population-based case—control study (1500 cases, 1500
controls) [28]; however, the results of the present study
were driven by differences in the distribution of the
variant allele among cases by family history of breast
cancer, whereas the results of the Swedish study [28]
were driven by differences in the controls. In addition,
these results are inconsistent with our @ priori hypothesis
that these variants would be associated with an increased
risk of breast cancer. Some studies found that the
frequency of individual SNPs was associated with ER
status [7,8,28]; however, we found no heterogeneity in
risk estimates when we examined ER and PR status.

The prevalence of CYP1B1 expression in this population-
based study was consistent with previous studies of
mRNA tissue expression in clinical samples [29].
Although we did not find an association between CYPIB1
variants and protein expression, CYP1B1 was expressed in
the tissue samples of most case women in our study. A
comparison of the level of expression as measured by
intensity of staining in two distinct tissue cores showed
low concordance, which could be partly due to hetero-
geneity in the immunohistochemistry staining of the
tumor tissue. However, when we dichotomized the
intensity score, the agreement between the two cores
improved to 76.5%.

The present study has adequate power to evaluate either
an additive or dominant model for disease association.
Based on the observed frequency estimates for either
genotype analysis or haplotype analysis, we had at least
80% power to detect an OR of 1.3 or higher assuming an
additive model. However, the power to detect a recessive
genotype association was substantially lower, particularly
for low frequency alleles such as Ex 3 + 315 (IN453S); see
the wide confidence intervals in Table 3. Our study also
benefited from some of the highest participation rates
attained in molecular epidemiologic studies with the
collection of blood, although we cannot exclude the
possibility of selection bias [30]. However, the potential
bias would not be expected to substantially affect our
results because carrier status is unlikely to be associated
with reasons for non-participation. In addition, we
observed that the frequency of alleles, as well as the
magnitude of effect of well-defined breast cancer risk
factors (data not shown), was consistent with previous
studies.

Population stratification is a concern in some studies;
however, it is of minimal concern for the results obtained
in the present study because our study population
consisted of ethnically homogenous Polish women. Our
conclusions are restricted to an analysis of CYPIBI and
not other genes in the estradiol metabolism pathway. It is
feasible that altered enzyme capacity of CYP1B1, caused
by polymorphisms, may interact with causal variants in
other relevant genes (e.g. CYPIAI). However, because
our estimates of the main effects were very close to unity,
such subgroup associations must be of small magnitude,
or ‘at risk’ subgroups must be uncommon, unless there
are cross-over effects, which are unlikely to occur [31].

Our haplotype-tagging selection strategy allowed us to
comprehensively assess common genetic variation within
CYPIBI. Based on this strategy, we found that common
genetic polymorphisms within this gene alone are
unlikely to contribute to breast cancer risk. It is possible
that rare variants in CYPIBI could be associated with
breast cancer risk [32], but studies with larger numbers,
will be needed to address this possibility. Evaluation of
subtle associations between CYPIBI and breast cancer in
a small subgroup of women, such as those with a family
history of breast cancer, will also require a larger sample
size to be confirmed.
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